Bis-indolyl methane (BIM) alkaloids are an important group of bioactive natural products predominantly found in marine organisms. Thus, compounds like arsindoline, vibrindole, arundine and trisindole are found in marine bacteria, while the related compound, streptindole was obtained from S. faecium IB 37, found in human faeces. In recent years, these molecules, displaying wide range of biological properties such as antibacterial, antiviral, anti-oxidant, neurotoxic, etc., have attracted attention of several synthetic and natural product chemists. This review attempts to list all the BIM analogues reported from different natural sources until now along with their biological properties and synthesis.
Introduction
Bisindolyl methanes (BIMs) are a group of alkaloids which has a basic skeleton of two indole groups bridged by single carbon at 3 and 3' position. Based on the groups/substiuents attached to the bridging methyl carbon atom, they are called by different names (Figure 1 ). While most of these compounds are found commonly in both marine and terrestrial organisms, a few of them are reported exclusively from terrestrial or marine organisms only. Due to their wide applications in medicinal chemistry, drug discovery and agrochemicals, the syntheses and isolation of BIMs have attracted attention of several chemists over last few years. Due to their symmetric structure, they are easy to synthesize from two molecules of indole and an aldehyde/ketone using acid or base catalyst.
But for a large scale synthesis, the method should be environment -friendly and cost effective. Several syntheses of BIMs starting from harmful chemicals to environmentally benign green synthesis in aqueous medium are now known; although with widely varying reactivities depending upon the substituents on the aldehyde/ketone. Several Indole derivatives are known to display promising biological properties such as antibacterial, neurotoxic, antioxidant, antiviral, etc. A few of these compounds are used as pesticides while some serve as new drug leads for treatment of depression and anxiety. 1 Thus, brominated trisindole alkaloids isolated from a new Caledonian sponge exhibited cytotoxicity against KB cells. properties of natural alkaloids. It is interesting to note that, the most of the methods use two equivalents of indole and one equivalent of an aldehyde/ketone with different catalysts and solvents. In continuation of our interest on bioactive bisindole alkaloids, this article summarizes isolation, structure determination, synthesis and biological properties of the natural products (1) (2) (3) (4) (5) (6) (7) (8) Figure 1 . Structures of bis(indolyl) methane derivatives isolated from natural sources.
Occurrence, Isolation, Structure elucidation and biological activities
Streptindole 1, isolated by T. Osawa et al. in 1983 , is a genotoxic metabolite of human intestinal bacteria S. faecium IB 37. 6 The bacteria which is a predominant strain in human faeces was cultured in modified EG medium, and the compound was isolated from EtOAc fraction of the culture filtrate using prep HPLC (hexanes-EtOAc 2:1). HRMS (m/z 318.1376) indicated its molecular formula to be C 18 H 20 N 2 O 2 and the final structure was confirmed by matching spectral data with those of synthetic sample (Scheme 1). The synthetic protocol involves acetylation of glycoaldehyde at room temperature to furnish acetylated glycoaldehyde 9 which was treated with 2 equivalents of indole 10 (253 mg) and stirred at room temperature for 5 h. The purified synthetic compound showed chromatographic behaviour and spectroscopic data identical to that of the natural product Scheme 2 First synthesis of trisindoline 3 to support the data of isolated natural trisindoline.
In 1994, Khuzhaev et al. first isolated arundine 4 ( Figure 1 ) from the roots of arundodonax. 
Synthetic Approaches towards Bisindolyl Methanes
In an approach towards synthesis of bisindolyl methanes, Hogan Scheme 10 Azizi's approach for the synthesis of streptindole
In next section, we had highlighted the synthetic approaches towards another BIM i.e vibrindole 2.
Chakrabarty and co-workers synthesized vibrindole using montmorillonite K10 clay (M.K10) as catalyst for the indole addition to acetaldehyde. 25 Moreover authors had also described synthesis of Interestingly, application towards unsymmetrical BIMs has been also highlighted. Towards this, when electron-withdrawing substituted indoles were used at 60 o C led to the formation of monoindolation products which was trapped by adding second indole at higher temperature resulted in the formation of unsymmetrical BIMs. 
Conclusions
BIMs are a family of alkaloids with simple structural skeleton possessing promising biological activities. The varieties of BIMs isolated from natural sources are increasing every year. However, the scarcity of natural products from natural sources led to the breakpoint in an exploration of natural products for biological studies. Corresponding to this fact, there is need to design a new, simple and an efficient protocols for the construction of this core structures. Among BIMs from natural sources, streptindole and vibrindole has been synthesized for many occasion with good yields. However arsindoline and arundine has been synthesized for couple of time. Most of the described methods utilizes catalyst for coupling of two indole ring. We belive that this review article will guide many researchers to construct libraries of BIM natural products of marine origin.
